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n= FAkAl 2 3o] AT dE Eo] vl 53 Al 7,897,606 & W v]a 53 Al 4,234,435 Zof A H <
ATt SAloln| = Eakzl= ZE](ogdolnl) 1 e Zgjolwlo 2 RE A ojnj=d 4 T},

AR FH oA FBA FAELS § H Ex}Fo]l oF 350 WA <k 5000, T < 500 WA ok 3000 HYSl =
2] 2 ol AR loln s BAAE X galt), Zgjo|ARd g2l 0]

AR FHAo A, FolaFEdA (PIB) &, XS &= AS, 50 % =3, 60 8% =, 70 2% =7, 80 E%
27, Eve 90 2% 239 ¥ ol A dHS UM 4 Q. o]t PIB & gt 1-Wk3-A PIB ("HR-
PIB") A A A g}, F Ho BAFe] oF 800 A oF 5000 W) HR-PIB 7} & JHAIE2] F&dolA A}
&37]el A gaict. el HIE)-a-w-gA PIB = 50 =% MRk, 40 =% vk, 30 &% viwk, 20 E%
gk, EE 10 5% vRre] g olF AR S M 4 ).

T it EBAFEFe] oF 900 WA 2k 3000 ¢! HR-PIB 7} #ge <= v, o]&&§ MR-PIB & W= E3] A
4,152,499 & 9 wj=r 53] A 5,739,355 &ollAl 7]AE wlel o] H-AA4s)t Fu) oY B4 EEF LT
o] EA 3} olAFHY FFo o) FAdE & JAY AlFE. A3t o o 14A] (thermal ene) ¥HZ-oj
A ArgeE S, 18 ke o <ldl, HR-PIB & WholM o & Asg ¥ olyd ¢ e AR A
FS 29T 5

Aeret 2kl @ F= vhys] (Mannich) 971 = ok vt A , :
YL Fgotdl H Ldlsl= o g xELUE =] F3 o3 FAE= Edon nh el 7=
vl=r 53] A 3,634,515 Zof] Htl FAE] Z]AE] Q).

Hge BRY BT DR 22 B 2 (half) o AH o=y S gl

A= e ol thekek AlAete] wkgol o Fale W 9§ F-xed 4 . ol ZHAIA
FoAME T4, dol, Hesdol, tHItEEoeltolE, o|FgEs, AU, AE, 25N, B@IFi-
AZE A FE, SEit FaE, UEY, dIFAE, JFEHYE, AEY FFE2HMo|E, Fof dHE o A
2 9 2l ggtEe] Ut} = 53] A 7,645,726 & v= 53 A 7,214,649 &; 2 v 53 A
8,048,831 ZolA] Ui AFs S-H7 H L S-HEE A E] 7|AHT.
EAlE EA4%E A, 88 2AEY F THE VIR oF 20 T ol5E ATl FEI dow
AbgE S gt} AFEE e BAlY] G 88 F 2B F THS VTR 9 0.1 T WA o
15 F%%, =% 2F 0.1 %% WA oF 10 3%, =5 & 3 T30 WA F 10 9%, == o 1 5%9% WA oF
6 THh, T F 7 THY WA F 12 T A 4 At St FHANA, FEF 2B 5 BAHA A
2~HS o] &3t}
e o) 21

g5 = Ao F&A1el =k (EP) Al

2 zgath.  oleld P 2
gop f7] E9E 9 EGENE dAh guAEs, na(FEEN) Oevs, drgdEtes, &
darel @) old olsve, s AsE, 95 dAd, 33 dea 9 98 P9y bR 495
Gstea oY Fus HEAY wi g SdeelEe] we AR 9 o2HE oy Ps=Rste
9 EessestEy TavtelE, o Hof tRd EastelE, tyUrivtelE, UAFRAN EasfolE,
AL a2 PADd Eastol=, EUA Eastels, aHold Easels @ Eelxzdd A
# A9 EastelE; G4 EesteubbelE Ay ofd tSUrEesteuluelE 2 vE Fsseli; o
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ERES oF A o FHen sl 310 g o AHES FEHAT.

AAd 2: &L E AZIAY|o|E (Et0S)

oWEE wHky], W At E 9 Ao A2E 500 mL A AE] 281 g (0.8 mol) SHod At Al
2295 g o &S FHF AT e E3rES, 3 AIZE st #R shel FA §F wwkstar 30 + whr) 25 nl
3| 53kt

R AASUA AQeAT. W ERRL olF AF o wFeke] 260 g o AR &
a

onEl= wky) | 2Elg E¥ 2 Aol A2E 500 nl FA AE] 128.5 g (0.5 mol) THEERY AlEH
Al 2 3455 g oErES A}, He E3ES, 3 AIE Bt 5 Stell A4 F wwkelal 30 & whth
25 mL #FHAE AASIEA 7FEEH ). WS EHES o]F AT 3 w53t 126.2 g o AHES 53
St

AA 4: ZFY dE A2IA Y ]E (EtCS)

i
R
>

onE= wuy], © AEa Ed @ Aol A2E 500 L FA AEe] 200 g (0.71 mol) =ZFY A}
2329 g dlEEs T8I e EdES, 3 B

w3 e AASHEA Tt e b EES ol ¥ 8 wFete 201 g o eSS 5.
AN 5 g ed 2-odAA ALRIAYo|E

SHMAE w), 28 Y % Aol FHD 50 al A ARN 1756 ¢ (0.5 ml) §A N2
€ & =)
= 1

2l 2 065.1 g 2~ eSS FHeel). e SRS 3 AI7F < 150C oA A 3F wwkskal AlA
ShHA 7Fd sl WS EES olF HF 3 wFske] 421.7 g o AAES 5T
AAld] 6: S 2-W|FEAAE ALZFA O] E (MeOEt-0S)

oW = uwty], 9 23 EF @ gHAo] ZAAE 500 mL A AEe] 140.4 g (0.4 mol) SHLod A==
Al 48.1 g fogd ZEE WdE g2 2 1.0 g 9 Amberlyst 15 AHd FAE EA43} ). Hks E3kE
<, 3 AZE EF 160T oA HA 3 wtslEA ZFE ST e E8t5 S o5 Ay & FFaL 181.3

g TRAA 0% 453 o3t 273.5 g o ANBEL S5

AA 7: £H0Y 2-3 =2 A A= FAY|o]E (HOEt-0S)

o= wuky] | 2elg EF 2 gGHo] A 500 mL 4] AL 175.5 g (0.5 mol) LY Al=2=
2,32 g dEd ZE8F 2 1.0 g 9 Amberlyst 15 A & ST e EES, 3 AR st
160°C oA A & wnkslaA 71dssict. i3 E3ES o]% X3 3 HFskal 198.5 g ZEA X 2
2 34 sta ojste] 312.7 g o AAAES TSI

AXNd 8: @92 2-F=E AN E AFZIAY|o]|E (HO-EtLS)

ewEE wuby], | xela Ef] 9 dxgo] e 500 mL A AlEC] 128.5 g (0.5 mol) H-EY AR
A H 32 g dEd FEFS T S 5385 3 AIZF 29k 160C oA A4 8 wwkstdA 71
= g EFES o|F T 3 FF3a 151.5 ¢ ZEAA QLUR I|Mste] 2775 g o AHES F
533t

A 9: N-SH2Y-N'-2 dddAA=Z I3 0}v =

¢ B3 7] © 23 B3 2w Aol A&H 500 nl A AEC] 107 g (0.31 mol) Y A= HA
2 39.4 g 2-dE-1-AHolul& FH3FSTH g E3ES, 3 AIZF 9k 130T oA AL 3F wikslA
7tE Tk e EES o]F X 3 sF3te] 266.6 ¢ o AYES FSSHlT

A 10: N-2HLU-N'-2 HEAGEDAIZ FZ A0} =

onE= wuky] W 2g EFf 2L GEgo] ZAHE 500 L A AEC] 140.4 g (0.4 mol) U LY AlEX
21, 30 g WEAEolrl 2 1.0 g ¢ Amberlyst 15 A3 A& St e E3rES, 3 AIRE B9t
150C oAl HA 3} wwtelax 71 sigitt. i3 E3ES o]F X3 3 EFshal 163.2 g ZEA X oY

2 3Asta oJ}ste] 263.9 g o AHES S5
il

AN 11: N-2H2Q9-N'-3 Ty oz a2 dA=
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enEl= wuty], | 2elm Ed 2 4ol F2E 500 mL A ASe] 175.5 g (0.5 mol) SH A A2
’d, 51.1 g -t €oln=z 2o}yl @ 1.0 g 9 Amberlyst 15 2H3 FAE A3}, kS S ES
AlZE FQF 150°C oA HA 3 wnkstHAl 71 skl s E3HES o] ¥ 3 wFstaL 217.6 g =
A YR 8AMsta ofFsle] 377.8 ¢ o AAHES FEIAT
AAe 12: -9 L Y-N' N' H|A(2-3| =2 A E)AL2 T A 0}H| =
onsl= wnby], | 2Ea Ef W dxdo] ZFE 500 nl A AL 175.5 g (0.5 mol) ZE| U A= R
Al, 52.6 g Holebgoldl @ 1.0 g ¢ Amberlyst 15 AHd FAE =A%), kg 2355 3 AIZF Bt
150C oA Ha 3 wtelaA 7FEselct. g E3ES o|F AF 3 §F3aL 219 g T2A 2 oY=

sl M stal ofsle] 371.6 g o AAHES 533
A4 13: Y EF ZH=2d Al2HA1, oA HAMPOSYL® L-95 (Chattem Chemicals AFAl)

AAe] 14: 239 AFEFA, &)ZA) CRODASINIC' C (Croda Inc. AHA)
AN 15: gozd A=A, oA CRODASINIC L (Croda Inc. AFAl)

AAd] 16: 289 Ab=:Al, )ZAd CRODASINIC' O (Croda Inc. AHA]) EE clZAd] HAMPOSYL® O (Chattem
Chemicals AMA])

AA e 17: 2HolZ2Y A1234 2 vIA2EY AZFA EFE, A CRODASINIC' SM (Croda Inc. AHAD)

3
A A1 S FEAZIAUOIE
AN 2 ZYY HEAZI2AIUIOE
AN 3 ctRE2Y NEMEIAIUOIE
A A0 4 AIL NEAMZ2Z2AMUIONE
AA0 5 SdY 2-HEALAN=IANUOE
2 A0 6 SY L HSAUHEAZSZAIUOIE
AN 7 Sd e SIESA0E ALZ22AUI0IE
AAI0 8 ctRZ2 SIESAUE AFZ2AUIO0IE
A A0 9 N-SeY-N'-2 QIE & A2 A0H01=

A A0 10 N-2d22-N'-2 HISANEMN2ZA0I0IE
AN 11 N-S222-N'-3CIME0ot0I=E2Z A= A0H01E

AAIG 12 N-Z2dIL-N' N'HIA(2-3IESAIHE)AERAI0N0IE

ALAI0 13 Hamposyl L-95

AAIC 14 2IAYU A23

ALAION 15 cAREU AIED A

AAI0 16 2dL AI=33A

AAION 17 AHOIZY AFZ22 A0 DICIAEYL AAZ22 A
A A e 14 9 @1 (High Frequency Reciprocating Rig (HFRR)) Alg 2 ubak whzk (TFF)
AdE Gkt PCS Instruments /\}Xﬂ HFRR & AF83te, ZAA &2 9= (boundary lubrication
regime) v AsE SAsH. upz A5 SAE 52100 &4 B3 SAE 52100 w4 Ul AbolellA] 130
T oA S48t & 4.0N 9 =& @.%3@4, 1 mm Z=2ol] AA 20 Hz o] F3elA t~2aE 7}
248 JAFAIAT. AT AA T RS BARAIE sEHS S BA &E dF vbF Alged 93]

gl uhe ghe whe mpRe Jehad

TFF A& 22, PCS Instruments AMAl 23 @A) (Mini-Traction Machine (MTM)) 2 A}g38le] whet §-3F A

=
a0 AssE 5A4s. ol 72l A4 (traction coefficient) &, YL 500 mm/s & BTSN &%
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(entrainment speed) & HZE F9L E3] wjEA|7]HA], ANSI 52100 74

434 t]2~39F ANSI 52100 78 E A}o]
oA 50N ] dtF& HE&ate] 130T oA FA3 3Tt =3l Zob Byl t]ad Alo]e] Zalolm-E-2
(slide-to-roll) ®] 20% & %3} t}. A7 w mpZS gAaA7E sEe 49 v 58 g7
Sl Algroll o3 g F o, vhe ke e g yehdit
o

F 3 o] v jEAE s ol E%‘é}—“— Algel thE HFRR 5 TFF AJ3 A3kE 8h7] & 4 A 7 o

ot 2] AAeHH] b= 7, AAldlel AbgE whE JREAe] B/ 50/50 TR Bl
F 4 o #E delH= el vdd 24 ‘4%} AEA H7HE 0.5 % oM AdHgeH, £ A5, &
e H7FE2 0.5 T o 24 bR JhEAl dA EdEolUT.

L5 E HolA §8 XAEL, XA e F 800 ppm o ¢S HAEstE RE 13} ot

[<)
oE P Jfwe ATt W BAE A b el md LA () Fh A

WA St ol gel nhE AAAE EFeE B ool whE ARAE 2 a@Ael U A
of et Ashe, E ool whE AAAE @S 43371 AAF hEe angos
BaAAAY 2 AE + 9eS e

i

A%e ®
2

4
A 7]aL/

=

I 4
A e ulzk A HFRR (1307C)
H Bd= A M §lS 0.138
4= 1 A 2 0.084
4= ] AAld 3 0.130
4= 2 A 4 0.132
2= 3 AAld 9 0.135
59 4 Ao 14 2 169 E3E 0.120
2= 5 AAd 16 2 179 EFE 0.103
59= 6 Ao 2 4 169 E3HE 0.126
4= 7 AAd 4 D 149 E3HE 0.127
sd= 3 AAd 2 3 40 EEE 0.125
2d= 9 A 2 39 E3E 0.130
Ed= 10 AAd 3 9 49 EFE 0.135
4= 11 A 2, 3, B 49 E8E 0.129

% 5 9 Bz ALgEE Holx &8 2AEL vk A §lo] wighE SAE 5W-20 GF =3
A

Sk, vl E-= B & Jo9 wp A (FM) 7F H7FEA @2 5L wojx=e] §8 = 3}
EIA= ¥ 59 W3 diolg= A Fel udd &4 v AFAE 0.5 &R *MA]?J ZolAt}.
x5
Als oY vl A HFRR 130°C MTM 130°C

Ho Bd= B FM 81 0.160 0.092
2d= 12 A A 1 0.139 0.083
4= 13 AAd 2 0.079 0.044
24 14 Ao 13 0.098 0.090

¥ 6 279 EU=oA ALEEHE Wo]A 838 2AES vhE JAA §lo] wigE SAE 5W-20 GF-5 F29 ¥
oA tt.

X6
Als 2= vz EA A& HFRR TFF
130C 130C
vl Bd= B |FM g1 0.0 0.160 0.092
5dx= 15 Ao 15 9 169 E3HE 0.05 0.161 0.086
2d= 16 AAd 15 2 169 EEE 0.1 0.150 0.074
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2dc 17 AAld 15 2 169 E3E 0.25 0.108 0.064

4= 18 AN 15 2 162 EFE 0.5 0.078 0.044

2= 19 AAld 15 9 169 E3E 0.75 0.078 0.036

Bdxz 20 AN 15 2 169 E3E 1.0 0.076 0.040
ol AAldle] HFRR ¥ TFF dlo]E, £ v up2 upz sfAAe] E3Eo] vk /AA7F §le W g
a9 4ol &S YErdT, ¥ 6 9 Bd=z, FHolx AR 50/50 EA=7) 0.05 WA 1.05%% %o B
2 AgE W HFRR 2 TFF 5 sk} ool Zas e ax4Ql AR YJF=Ar. H&ol, 1% 6 9 Ed
=2, Hojx AE9 50/50 EHA=7} 0.05 WA 1.053% o] HAZ &2 ) TFF & #4271 anbzel
Aoz AFHSAT.

F7
ANE s A4 15 A4 16 HFRR MIM
A2 & A& & 130T 130C

Hw Edc= B FM Q1S 0.0 0.160 0.092

24 21 0.40 0.10 0.086 0.048

A= 22 0.30 0.20 0.079 0.047

gd= 23 0.25 0.25 0.078 0.044

2d= 24 0.20 0.30 0.077 0.048

2y 25 0.10 0.40 0.078 0.048
X 79 EA==2, 2 M wpz AAAY BVt Hojm 4:1 WA 1:4 o] HY oA A= o 342 A
o2 JFHAU. o]E AAlde] HFRR B TFF dlo|E+&, ¥ o] wE vzt /fdx e Egt&o] vzt /4
A7F & WEo 9L a3HoIU5S YERAT. X7 9 Ed==, 2 /e vk A S=T) 4:01
WA 1:4 ko] WelA HFRR 2 TFF & % 2% AN 7150 533 Aoz Z5HYr
X4 UA 7 2HEH, 2 Wy 38 7t7te] niE AAZA arH oz visshe] R, AA %
vbzk (HFRR) o o3k vl Al vbz AdAS 21 s oAy} nlwsle], B g uE ¢ Uo] ALEE uj
ds] Gkt ubdl mhzk (TFF) o uigh vl Ales T3 npz MAAE 24 S &84 vt
2 oage] mE edo] AgdE uw dwrygo=r ol 2 oo wpg edo] AA F wpE 4 whuh upE
E BEFE afdoz 7AAZ £ s Aol ol Algozyy Wi,
2 JIAEY g2 Fddrt 2ol AR Fdde] A9 2 gAE ugste] iAol A Wws Aol
A7) WA 2 oolE @R dAlFel Ao wA kY, B A EY FE HFE 7] A el & yEhlE
Ao g oxHr}
Aesk Feds A HellA gt WMy ox]7}t Qlrt A, FddE A7) el 54 oAl Al
He Ao ouFA gt 23, Ax3 FHAE YEHQA HolA a3 19 #5ES X3 H
FE AFEY HA E 1Y el ok
o] g% BE T I AAVF Fu2, e gdHozs 53] HQ8 =2 sl MAEC AFIHESF EFH
A=
ZA(E)S RE MNE FHAES dukdo A AFste AL AEdiH e don, ouwdk JAlE A T
Hore Foaxogs Ayl HE Yo £64] ZS ¢ e ALIA], o5 #5552 dliA Ao o
F2A4 1w En.
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